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ABSTRACT 



Since each driving circuit has corresponded to the entire 
range of signal voltage, the dynamic range is large, it is 
difficult to constitute it by high Vth transistors, and a circuit 
having sufficient driving capacity for both input and output 
of current must be used, leading to increased circuit area and 
current consumption. To solve the problem, a circuit for 
driving column lines is divided into two in response to signal 
voltage with, for example, the common voltage as a 
reference, and these two column line driving circuits are 
arranged on the upper and lower sides of the LCD effective 
screen portion every two columns, and when the output end 
of the one column line driving circuit is connected to one of 
two column lines the analog switches are open-close timing 
controlled so that the output end of the other column line 
driving circuit is connected to the other of the two column 
lines. 

16 Claims, 4 Drawing Sheets 
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LIQUID CRYSTAL DISPLAY In the LCD driving circuit constructed as described 

above, when the output end of the first column line driving 

BACKGROUND OF THE INVENTION circuit for a larger signal voltage ^ predetermined refer- 

1. Field of the Invention ence voltage (for example, common voltage) is connected to 
The present invention relates to a driving circuit for a 5 one of ^ column lincs ' me fast and second P air of 

hquid crystal display (hereinafter, referred to as LCD), and switches are open-close timing controlled so that the 

more particularly to a column line driving circuit for an out P ut end of & e second 0011111111 Une drivin S circuit for 

active matrix LCD smaller signal voltage is connected to the other of the two 

*ni*,iA» column lines, whereby the first column line driving circuit 

2. Description of Related Art i J ~ , . . . , . & 

™- - . , - , - , .10 operates as a sweep -off driving circuit, and the second 

HG 4 shows an exampleof the structure of the active ajiwm Un6 drcui , fcs M a lcad . in ^ 

matrix LCD. In FIG. 4, a LCD panel 102 is constituted by M a ^ QUt { buffcr for the filst Qr second 

two-dimensionaUy arranging liquid crystal cells (pucek) 101 mlvma linc drcui , CM bc constituted b onl , 

in a matrix shape On the periphery of this LCD panel 102, drcuit ( for exa mple, source follower circuit) excellent only 

there are provided a verUcal driver 103 for selecting rows, M ^ in Qnc side direction 
and a horizontal dnver (hereinafter, referred to as column 

line driving circuit) 104 for selecting columns. As regards BRIEF DESCRIPTION OF THE DRAWINGS 
the column line driving circuit 104, it has heretofore been 

arranged only on the upper side of the LCD panel 102 as Fia 1 is a schematic structural view showing a first 

shown in the same figure, or the same one each is arranged 2Q embodiment according to the present invention; 

on both the upper and lower sides thereof, and each driving FIG. 2 is a block diagram showing an example of the 

circuit has been adapted to correspond to the entire range of structure of a column line driving circuit; 

signal voltage applied to the LCD. FIG. 3 is a schematic structural view showing a second 

In the conventional column line driving circuit con- embodiment according to the present invention; and 

structed as described above, however, since each driving 25 FIG. 4 is a schematic structural view showing an example 

circuit is to cover a nririimurn level to a maximum level of 0 f an active matrix LCD. 
signal voltage, the dynamic range is large. 

In order to produce a column line driving circuit with such DESCRIPTION OF THE PREFERRED 

a large dynamic range, transistors with low threshold voltage EMBODIMENTS 

Vth must be used, and it is difficult to constitute the column 30 Hereinafter, with reference to the drawings, the detailed 

line driving circuit by transistor wiA such high threshold descri tion ^ be made of embodimenls of the present 

voltage Vth as a polysilicon TFT (Thin Film Transistor). invention 

Moreover, since the number of circuit elements is great, it is _„ " , . ^ . 

very difficult to realize using such an element with a large ™. 1 is a schematic structural view showing a first 

variation in characteristics as polysilicon TFT. Also, even in 35 embodiment according to the present invention. In FIG. 1, a 

casewhereitisproducedusingmonocrystalsilicon,acircuit ^CD effective screen portion 12 is constituted by two- 

(for example, push-pull circuit) having sufficient driving dmensionally arranging hquid crystal cells (p«els)ll in a 

abilitymustbeusedforbothinputandoutpntofcurrent.and matnx ^ape. Above each hqu.d crystal cell 11 there : are 

therefore, both circuit area and current consumption will be if 0 ^™ 6 * ( ° 0t * h0Wn) °f R (Red) ' ° 

increased 40 (^ reen ) an( * " (Blue) A circuit for driving column lines 13 

is divided into two in response to signal voltage, for 

SUMMARY OF THE INVENTION example, with common voltage applied to the common 

Hie present invention has been achieved in the fight of the electrode of the liquid crystal as a reference, 

above-described problems, and is aimed to provide a LCD More specifically, the circuit is divided into a first column 

driving circuit in which it is easy to produce a circuit using 45 li ne driving circuit 14 corresponding to higher signal voltage 

transistors with high threshold voltage Vth, and capable of man me common voltage, and a second column line driving 

reducing the circuit area and power consumption. circuit 15 corresponding to lower signal voltage than the 

A LCD driving circuit according to the present invention common voltage. For example, the first column fine driving 

comprises a first column line driving circuit, arranged for circmt 14 is arranged on the upper side of the LCD effective 

every two column lines on one of the upper and lower sides 50 screen portion 12, and the second column line driving circuit 

of a LCD effective screen portion, for driving the column 15 * arranged on the lower side of the LCD effective screen 

line for a larger signal than predetermined reference voltage; portion 12 in such a manner that they operate in parallel, 

a second column line driving circuit, arranged for every two The first or second column line driving circuit 14 or 15 

column lines on the other of the upper and lower sides of the comprises, as shown in FIG. 2, a shift register 16 for 

LCD effective screen portion, for driving the column line for 55 outputting sampling pulses in order, a sampling circuit 17 for 

a smaller signal than the predetermined reference voltage; a sampling the data on a data bus line in synchronization with 

first pair of analog switches connected between the output sampling pulses given from this shift register 16 in order, a 

end of the first column line driving circuit and the two latch circuit 18 for retaining these sampling data during one 

column lines; a second pair of analog switches connected horizontal period, a DA converter 19 for converting the latch 

between the output end of the second column line driving 60 data into an analog signal, and an output circuit 20 for 

circuit and the two column lines; and a control circuit for driving a load on the column line (signal conductor) 13. 

open-close controlling the first and second pair of analog One each of the DA converter 19 and the output circuit 20 

switches respectively so that when the output end of the first for the first or second column line driving circuit 14 or 15 are 

column line driving circuit is connected to one of the two arranged for every two columns. More specifically, as can be 

column lines, the output end of the second column line 65 seen from FIG. 1, each output buffer 21 constituting the 

driving circuit is connected to the other of the two column output circuit 20 is arranged for two column lines 13 and 13 

lines. which are adjacent each other. The DA converters 19 are also 
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arranged by a number corresponding to the number of the (1) Even in case where such high Vth transistors as 

output buffers 21. polysilicon TFT are used, a system in which the output 

There are connected a pair of analog switches 22a, 22b dynamic range has been sufficiently secured can be 

between the output end of the output buffer 21 on the side easily constructed. As a result, it becomes useful par- 

of the first column line driving circuit 14 and two column 5 ticularly when a driving circuit is integrally formed on 

lines 13, 13 which are adjacent to each other. Likewise, there a polysilicon LCD. 

are connected a pair of analog switches 23a 23i between (2) since ^ cifcuit can be const ituted by a minimum 

the output end of the output buffer 21 on the side of the quantity of elements, an output buffer 21, which is less 

second column line driving circuit 15 and these two column m ^ be C0QStituted 

lines 13, 13. The pair of analog switches 22a, 22b are 1Q J 

open^lose timing controlled through control signals A, B 0) Smce the DAconverter 19 and the output buffer 21 can 

outputted from a control circuit 24, and likewise, the pair of be operated within a limited voltage range, it is possible 

analog switches 23a, 23fc are also open-close timing con- to simplify the circuit configuration and to reduce the 

trolled through control signals B, A. circuit area. 

Concretely, when the output end of the output buffer 21 of 1$ (4) Since the output buffer 21 can be constituted by 

the first column line driving circuit 14 is connected to the minimum DC current, it is possible to reduce the power 

column line 13 at an odd step, timing is controlled so that the consumption. 

output end of the output buffer 21 of the second column fine Further, when in the first and second column line driving 

driving circuit 15 is connected to the column line 13 at an circuits 14, 15, a reference voltage selection type DA 

even step. Conversely, when the output end of the output converter is used as the DA converter 19, the following 

buffer 21 of the second column line driving circuit 15 is effects can be obtained: 

connected to the column line 13 at an odd step, timing is (i) The area can be reduced because a reference voltage 

controlled so that the output end of the output buffer 21 of line can be set only to voltage within a range covered 

the first column line driving circuit 14 is connected to the DV the column line driving circuit 14, 15. 

column line 13 at an even step. ^ ( 2 ) A switch used as a reference voltage selector can be 

When electric charge is given to the column line 13n at a constituted only by a NMOS transistor or a PMOS 

n-th step using the first column line driving circuit 14 under transistor, to thereby make it possible to reduce the 

this timing control, the electric charge on the column line area 

13n+l at a (n+1) th step can be discharged using the second In mis resp ect, in the above-described embodiment, the 

column line driving circuit 15, and when electric charge is 30 description has been made of the case in which the first 

given to the column line 13n+l at a (n+l)th step using the column line driving circuit 14 for corresponding to a higher 

first column line driving circuit 14 at another timing, the signal voltage than the common voltage is arranged on the 

electric charge on the column line 13n at a n-th step can be upper g^e of the LCD effective screen portion 12, and in 

discharged using the second column line driving circuit 15. wn i c h the second column line driving circuit 15 for corre- 

Id other words, the first column line driving circuit 14 35 sp0 nding to a lower signal voltage than the common voltage 

operates as a sweep-off driving circuit, while the second ^ arranged on the lower side of the LCD effective screen 

column line driving circuit 15 operates as a lead-in driving por tion 12, but the arrangement may be reversed as a matter 

circuit. of course. 

The connection of the output end of the output buffer 21 Also, in the above-described embodiment, the predeter- 

of the first column line driving circuit 14 to the column line 40 mined reference voltage for dividing the first and second 

at the odd step or at the even step, and the connection of the column line driving circuits 14, 15 has been set to the 

output end of the output buffer 21 of the second column line common voltage applied to the common electrode of a liquid 

driving circuit 15 to the column line 13 at the even step or crystal, but the voltage which is made as the reference for 

at the odd step, are switched for each horizontal period division is not limited to the common voltage but any 

respectively, whereby dot reverse driving can be performed. 45 voltage near signal center voltage may be used. 

Here, the dot reverse means a state in which pixels adjacent Further, in the above-described embodiment, the connec- 

to each other in the two-dimensional array of liquid crystal tion of the output end of the output buffer 21 of the first 

cells (pixels) 11 alternately become positive or negative in column line driving circuit 14 to the column line 13o or 13e, 

polarity as shown in FIG. 1. and the connection of the output end of the output buffer 21 

As described above, a circuit for driving the column lines 50 of the second column line driving circuit 15 to the column 

13 is divided into two in response to signal voltage with, for line 13e or 13o, have been switched for each horizontal 

example, the common voltage as a reference, and one each period respectively, but the connection may be switched for 

of these two column line driving circuits 14, 15 are arranged each field. 

for every two column lines on the upper and lower sides of FIG. 3 is a schematic structural view showing a second 

the LCD effective screen portion 12, and when the output 55 embodiment according to the present invention. In FIG. 3, 

end of the one column line driving circuit 14 is connected to on the upper side of a LCD effective screen portion 52 

one of these two column lines, the analog switches 22a, 22b comprising liquid crystal cells (pixels) 51 two- 

and 23a, 236 are open-close timing controlled so that the dimensionally arranged in a matrix shape, a first column line 

output end of the other column line driving circuit 15 is driving circuit 54 for corresponding to higher signal voltage 

connected to the other of the two column lines, whereby the eo than the common voltage is arranged, and on the lower side 

dot reverse driving can be easily performed, and yet the area of the LCD effective screen portion 52, a second column line 

efficiency is good because there are few circuits at rest. driving circuit 55 for corresponding to lower signal voltage 

The output buffer 21 can be constituted only by a circuit than the common voltage is arranged, and the DA converters 

in which it is limited to sweep- off or lead-in of current, that and output circuits for the first and second column line 

is, a circuit (for example, source follower circuit) excellent 65 driving circuits 14, 15 are arranged for every two column 

only in current driving in one side direction. This provides lines respectively in such a manner that they operate in 

the following effects: parallel as in the case of the first embodiment. 
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In the above-described structure, as the first or second 
column line driving circuit 54 or 55, a circuit having the 
circuit configuration shown in , for example, FIG. 2 is used. 
A DA converter 19 and an output buffer 21 for the first or 
second column line driving circuit 54 or 55 are arranged for 
every two adjacent columns of the same color respectively. 
More specifically, as can be seen from FIG. 3, one each of 
output buffer 21 is arranged for two adjacent column lines 53 
and 53 of the same color. The DA converters 19 are also 
arranged by a number corresponding to the number of the 
output buffers 21. 

Between the output end of the output buffer 21 on the side 
of the first column line driving circuit 54, and two column 
lines 53r, 53r of, for example, R color which are adjacent to 
each other, there are connected a pair of analog switches 
52a, 52b. likewise, between the output end of the output 
buffer 21 on the side of the second column line driving 
circuit 55 and those two column lines 53r, 53r, there are 
connected a pair of analog switches 53a, 53b. As regards G 
color and B color, a pair of analog switches 52a, 526, and 
53a, 53b are connected in quite the same manner as in the 
case of R color. 

The pair of analog switches 52a, 52b are open-close 
timing controlled through control signal A, B outputted from 
a control circuit 54, and likewise, the pair of analog switches 
53a, 53b are also open-close timing controlled through 
control signal B, A. Concretely, as regards R color, when the 
output end of the output buffer 21 of the first column line 
driving circuit 54 is connected to the column line 53r at an 
odd step, timing control is made so that the output end of the 
output buffer 21 of the second column line driving circuit 55 
is connected to the column line S3r at an even step. 

Conversely, when the output end of the output buffer 21 
of the second column line driving circuit 55 is connected to 
the column line 53r at an odd step, timing control is made 
so that the output end of the output buffer 21 of the first 
column line driving circuit 54 is connected to the column 
line 53r at an even step. As regards C color and B color, the 
same timing control as in the case of R color is performed. 

As described above, a circuit for driving the column line 
53 is divided into two in response to signal voltage with, for 
example, the common voltage as a reference, and these two 
column line driving circuits 54, 55 are arranged on the upper 
and lower sides of the LCD effective screen portion 52 every 
two column lines, and when the output end of the one 
column line driving circuit 54 is connected to one of the two 
column lines, the analog switches 52a, 52b and 53a, 53b are 
open-close timing controlled so that the output end of the 
other column line driving circuit 55 is connected to the other 
of the two column lines, whereby the same operative effect 
as in the case of the first embodiment can be obtained. 

In addition to the foregoing, this embodiment is arranged 
such that the column lines, to which the output circuit 20 of 
the first or second column line driving circuit 54, 55 is 
connected, are not two adjacent columns, but two adjacent 
columns of the same color in such a manner that switching 
between the column lines of the same color is performed, 
and therefore, there is an advantage that there is no need for 
switching between data signals for different colors. 

In this respect, the output circuit of each column line 
driving circuit has been connected to the two adjacent 
columns in the first embodiment, and to the two adjacent 
columns of the same color in the second embodiment, but 
the present invention is not limited to these columns, but two 
any adjacent columns may be used so long as the control 
signals A, B for a pair of analog switches arranged on the 
upper and lower sides of the column lines are different from 
each other in polarity. 
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As described above, the present invention is constructed 
such that a circuit for driving column lines is divided into 
two in response to signal voltage, and these two column line 
driving circuits are arranged on the upper and lower sides of 

5 the LCD effective screen portion every two columns, and 
that when the output end of the one column line driving 
circuit is connected to one of those two column lines, timing 
control is performed so that the output end of he other 
column line driving circuit is connected to the other of the 

10 two column lines, whereby the output buffer can be operated 
within a limited voltage range, and yet the output buffer can 
be constituted by only a circuit excellent only in current 
driving in one side direction. Therefore, it becomes easy to 
form a circuit using high Vth transistors, and it is possible to 

15 reduce the circuit area and the power consumption. 
What is claimed is: 

1. A liquid crystal display comprising: 

a first column line driving circuit, arranged for every two 
column lines, for driving the column line for a larger 
20 signal than a predetermined reference voltage; 

a second column line driving circuit, arranged for every 
two column lines, for driving the column line for a 
smaller signal than said predetermined reference volt- 
age; 

a first pair of analog switches connected between the 
output end of said first column line driving circuit and 
the two column lines; 
a second pair of analog switches connected between the 
30 output end of said second column line driving circuit 
and the two column lines; and 
a control circuit for open-close controlling said first and 
second pair of analog switches respectively so that 
when the output end of said first column line driving 
35 circuit is connected to one of the two column lines, the 
output end of said second column line driving circuit is 
connected to the other of the two column lines. 

2. A liquid crystal display as claimed in claim 1, wherein 
said predetermined reference voltage is common voltage to 

40 be applied to the common electrode of a liquid crystal, or 
any voltage in the vicinity of signal center voltage. 

3. A liquid crystal display as claimed in claim 1, wherein 
said two column lines are two column lines which are 
adjacent to each other. 

45 4. A liquid crystal display as claimed in claim 1, wherein 
said two column lines are two column lines of the same color 
which are adjacent to each other. 

5. A liquid crystal display as claimed in claim 1, wherein 
the connection of said control circuit to the column line at 

5 0 the output end of said first or second column line driving 
circuit is switched for each horizontal period or for each field 
period. 

6. A liquid crystal display as claimed in claim 1, wherein 
said first and second column line driving circuits comprise 

55 source follower circuits. 

7. A liquid crystal display as claimed in claim 1, wherein 
said first column line driving circuit is for discharging and 
said second column line driving circuit is for charging. 

8. A liquid crystal display as claimed in claim 1, wherein 
60 said liquid crystal display is dot-inversion driven. 

9. A liquid crystal display comprising: 

a first column line driving circuit, arranged for every two 
column lines on one of the upper and lower sides of an 
effective screen portion, for driving the column line for 
65 a larger signal than a predetermined reference voltage; 

a second column line driving circuit, arranged for every 
two column lines on the other of the upper and lower 
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sides of said effective screen portion, for driving the 
column line for a smaller signal than said predeter- 
mined reference voltage; 

a first pair of analog switches connected between the 
output end of said first column line driving circuit and 5 
the two column lines; 

a second pair of analog switches connected between the 
output end of said second column line driving circuit 
and the two column lines; and 

a control circuit for open-close controlling said first and 
second pair of analog switches respectively so that 
when the output end of said first column line driving 
circuit is connected to one of the two column lines, the 
output end of said second column line driving circuit is 5 
connected to the other of the two column lines. 

10. A liquid crystal display as claimed in claim 9, wherein 
s aid predetermined reference voltage is common voltage to 
be applied to the common electrode of a liquid crystal, or 
any voltage in the vicinity of signal center voltage. 
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11. A liquid crystal display as claimed in claim 9, wherein 
said two column lines are two column lines which are 
adjacent to each other. 

12. Aliquid crystal display as claimed in claim 9, wherein 
said two column lines are two column lines of the same color 
which are adjacent to each other. 

13. Aliquid crystal display as claimed in claim 9, wherein 
the connection of said control circuit to the column line at 
the output end of said first or second column line driving 
circuit is switched for each horizontal period or for each field 
period. 

14. Aliquid crystal display as claimed in claim 1, wherein 
said first and second column line driving circuits comprise 
source follower circuits. 

15. Aliquid crystal display as claimed in claim 1, wherein 
said first column line driving circuit is for discharging and 
said second column line driving circuit is for charging. 

16. Aliquid crystal display as claimed in claim 1, wherein 
said liquid crystal display is dot-inversion driven. 
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